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give expression to a new surgical thought, and the practice
therefore is to be placed on a different plane in our estima-
tion from any mere improvement in surgical therapeutics
along an old line.

5. The last indication of the recent evolution of surgery
that I will mention is seen in the introduction of what I will
call physiological operations into surgery. By a physio-
logical operation" I mean an operation performed on a part
not itself the seat of disease or known to be the cause of
existing disease, but by influencing which we can affect
beneficially a gross morbid change in another part. It
is a kind of substitutionary surgery. There are two very
closely allied instances of this class of surgical operation-
the removal of the healthy ovaries in the treatment of
uterine fibroma and of the healthy testicles in cases of
advanced prostatic fibroma. I am not now cJncerned
with the results of these operations or with an exact

appreciation of their true value; I only want to point
out that operations of this kind stand in a category by
themselves, that they are the expression of a new thought,
and their introduction marks a new epoch in surgery. This

appeal of surgeons to some of the highest and most recondite
of the laws of physiology in the pursuit of their art is a

striking evidence of the new spirit by which they are

innuencd.
I venture to hope that I have made good my point that

within the memory of all surgeons of middle age their art
has been enriched by the introduction of new ideas, new
aims, and a new spirit, and to such an extent has the whole
thought of surgery been revolutionised that to-day the art is
entitled to a totally different position in our regard from that
held by it even thirty years ago. Neither the time allotted to
me nor a proper sense of the demand I have already made
upon your indulgence will allow of my entering at all fully
upon a consideration of the causes that have led to this happy
result. The gain has come to us by no lucky accident ; the
new light has burst upon us by no sudden inspiration ; but
the truth has been unfolded as we have trodden the golden
pathway of knowledge. To some extent the advance, even
in thought, has been gained by improvement of method, as
by the introduction of anaesthesia and of better modes of
hmmoatasis and of new mechanical appliatces. But in the
main it has been as we have increased in knowledge of
anatomy, of physiology, and particularly of pathology, that
the change in surgical thought and purpose has been
effected. Good surgery is the outcome of a sound know-
ledge of these three sciences. As the strength of a chain
is that of its weakest link, so the most minute know-

ledge of anatomy, combined even with a tolerably good appre-
ciation of physiology, failed to evolve good surgery until a
knowledge of the causes of disease supplied the lacking con-
stituent. Anatomy aids in diagnosis and guides the surgeon
as to what he is to remove and how best to do it, but its only
therapeutic indication is ewc&Iuml;8e. Physiology affords indis-
pensable aid in diagnosis, points with unerring finger to the i

fell results of injury and disease, but bids the surgeon hold ’,
in high regard every part and power of the living organism, ’,,
and calls on him in no uncertain voice to save and to pre- ’,
serve. Pathology, by telling him how disease arises, lives and I
thrives, brings harmony out of the discord by uttering its
note: arrest, prevent. These words may mark for us the
great stages through which our art has passed. Concerning
itself at first with excisions, amputations, and such ooarse
modes, it rose to higher things by seeing that a nobler
function was preservation, not destruction. From that of
late it has advanced still farther, as it has owned its chief
ambition to lie in anticipating and preventing pain, disease,
and death.
While in Nature evolution is seen to be the outcome of the

silent working of unintelligent forces, and many refuse to
accord any part to the influence of a presiding mind, in the
evolution of an art all admit the predominant influence of
mind and of individual genius. Were I to close this poor
attempt to indicate the main course of the recent evolution
of surgery and the chief forces that have led to it without
any reference to that master mind to which we owe the
greatest impulse that surgery has ever felt, I should be doing
violence to my own feelings and to yours also. Although
science knows nothing of nationality, and we here to-night
rejoice in addition to our knowledge and to our powers of
combating disease and death, whether it comes to us from
a French Pasteur, from a Teuton Koch, from our Western
cou3ins on the other side of the broad Atlantic, or from a son
of that Extern Eaapre now just rising above the horizon,

we cannot help feeling a special pride in the fact that the
name that shines with an unrivalled splendour on the page of
surgical history is that of the Englishman, Joseph Lister.
This society is rich in traditions; the picture which hangs
on our walls is a precious treasure, not alone as a

work of art and the work of a great artist, but as

reminding us of the very personalities of the men that were
its founders and the leaders in our profession a century
ago. Anticipating the future, we may be sure that it
will for ever remain one of the proudest traditions of this
society, that it was here, to us, that Joseph Lister made
more frequent and more important communications than to
any other kindred society in London. This country has been
the birthplace of many of the worthiest of men in every
department of life, and in the profession of medicine, to which
all civilised lands have contributed so richly, we take a fore-
most place. But Nature is not lavish of her choicest gifts ;
they often come to us at what we call long intervals, as if to
enable us to judge of them with a true perspective. In the
seventeenth century she gave us the immortal William Harvey
to lay the foundation of our physiological knowledge ; in the
eighteenth century she gave us John Hunter, that great bio
logist and profound anatomist, the founder of scientific
surgery; and in the nineteenth century she enriched the
race with Joseph Lister, a man worthy to rank with Harvey
and Hunter, not only for his genius, his powers of observation
and reflection, his patience in research, and his scientific
method, but even more for the magnitude and beneficence of
the results that have followed from his efforts. It is a great
thing to have and to hold in reverence our mighty dead ; it
is a better and a greater thing still to have and to honour our
mighty living. Long may this ancient society flourish!

Long may she retain in her fellowship this greatest of her
sons ! May she ever take a leading part in the working out
of those great ideas which can alone ennoble our art i And

may she never lack worthy followers of him who has taken
the foremost place in the Recent Evolution of Surgery 1
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WE all know that it was a long time before mankind found-
out that the earth moves. For ages the apparent motion of
the heavenly bodies was supposed to be their real motion, the
earth being fixed. We, who know something of the truth in
this matter, do not, however, any more than our ancestors
did, see or feel the earth move. We believe that it does so,
either because we have been told by someone who, we think,
knows about such things, or because we have reasoned the
matter out from data observed by ourselves or reported by
credible observers. But in habitual thought and speech we
go back to the old assumption, which, for our practical,
terrestrial purposes, answers well enough and is perfectly in
accordance with our sensations. When we turn from the
great cosmos to the microcosm, when we compare the
motion of our own body among the various fixed (terrestrially
fixed) and moving bodies around us with the motion of the
earth among the stars we find quite a different state of
matters. It never occurs to us that our own body is at rest
and that the trees, houses, &c. mcve. When we really move
we not only know but feel and see that we are moving, and
everyone, learned or ignorant, old or young-if only he is
sober-feels and sees that the solid earth is fixed, except on
the rare occasion of an earthquake and in the case of some
illusions which we shall have to consider. I wish to discuss
the cause of this sensation of the fixedness of the earth, and

1 Being the fourth " Robert Boyle " Lecture.
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also incidentally of the exception implied in the words I have
just used, 11 if only he is sober." If we keep our head fixed
and look at any really fixed scene-say, a room in which
there is nothing moving, or a landscape, if we can find one,
without railway trains, ships, moving beasts, or flying birds-
we can allow our eyes to run over it in as uniform or as
irregular a way as we please, and see that the scene remains
fixed. We might have supposed that as we move our eyes
from right to left the whole scene, like a moving panorama,
would seem to move from left to right, but it does not do so.
It remains visibly at rest, and we know, without any reasoning
about it, that the changes of view were produced by the
motion of our eyes. We fancy that we can move our eyes
uniformly, that by a continuous motion like that of a telescope
we can move our eyes along the sky-line in the landscape or
the cornice of the room, but we are wrong in this. However

determinedly we try to do so, what actually happens is
that our eyes move like the seconds hand of a watch-a
jerk and a little pause, another jerk, and so on, only our
eyes are not so regular-the jerks are sometimes of greater,
sometimes of less, angular amount, and the pauses vary
in duration, although, unless we make an effort, they are
always short. During the jerks we practically do not see
at all, so that we have before us, not a moving panorama.,
but a series of fixed pictures of the same fixed things, which
succeed one another rapidly. It is not difficult to understand
how this gives rise to a sensation of the fixedness of the
external scene. If, in the otherwise fixed scene, there is a
really moving object we see it move, because during the
pauses, short as they are, the moving object has visibly
changed its place, and in each of our fixed pictures the
moving object is seen to move. If it moves too slowly for
this, then we do not see it move, but only infer its motion
from comparison of its position at different times. If we
keep our eyes fixed on the moving obj ect-and this is possible
if it does not move too fast or too irregularly-then we see it
fixed and the really fixed things moving, an illusion we have
all observed when the pier seems to move and the steamer
remain at rest. That the eyes jerk in the way now stated can
be made plain by means of a simple experiment. If we have
in the field of view a bright object, such as an incandescent
electric lamp, and, after running our eyes over the scene
before us shut our eyes, we see secondary images of the
bright object.2 Now if the eyes move continuously from one
position to another, we should see between the two secondary
images of the bright object corresponding to these two
positions a bright band composed of an infinite number of
images each infinitely near its two neighbours. But we see
no such band, but a finite number of sharp individual
images, each of which corresponds to the position of the
eyes during a pause between jerks ; unless the bright
object is very bright there is nothing in the secondary
image to represent the positions of the eyes during
the jerk. If for a bright object we take the sun, then we do
see bands joining the sharp secondary images. These bands
are fainter than the sharp images and die away sooner. They
are the impressions made on the retina by the image of the
sun passing rapidly across it during the jerk ; but if with
the fixed bright object in the field we follow with our eyes a
really moving thing, then on shutting the eyes we see a band
of light, because the image of the bright object passed not
very rapidly across the retina. This habit of jerking the
eyes from one position of vision to another as fast as the
light, well-poised globes can be swung round by the quick-
working, straight-fibred muscles which move thEm may be
an innate habit or it may have been acquired by our

looking at things and turning quickly from one object of
interest to another ; at all events, it is now the way in which
.alone we can move them unless we fix them on a moving
object.

So far I have supposed the bead fixed and the eyes
.alone moving. Let us now attend to what happens when
we move our heads.3 The movement of the head, unless
it is very rapid, makes no difference at all in the
phenomena just described. If we call the line along
which we look during the pause between two jerks
a glance-line, we may describe the whole phenomenon by
saying that the glance-lines are fixed relatively to fixed
external objects whether the head is rotated or not. This,
of course, means that duting a pause the eyes are rotated

2 The secondary images are better seen if we look at a white surface
and wink rapidly.

3 By " moving the head" I mean moving the head either alone or
along with the body or any part of it.

relatively to the head about the axis on which the head is
really rotated, in the opposite sense and through the same
angle as the head. It might be supposed, for all that has
yet been said, that this fixedness of the glance-lines when the
head is rotated depends on the habit of looking at things, but
that this is not the cause, or, at all events, not the only
cause, is plain from the fact that the same relative move.
ments of the eyes take place when we look at an objectless
field of view, such as the clear, cloudless sky, or, as was, I
believe, first noticed by Dr. Breuer, when the eyes are shut,
By placing the fingers lightly over the closed eyelids we can
feel the motion of the prominent cornea. If, with eyes shut
and fingers so placed on the eyelids, we turn the head or turn
the head and body round, we feel the eyes twitch. As the
head turns round, the eyes retain for a little a fixed orienta-
tion in respect to external fixed things and then jerk so as to
make up for lost time, again pause, and again jerk, and so
on ; so that, while the head turns uniformly, the eyes, which
must of course, on the whole, make one full turn while the
head makes one full turn, do their rotation intermittently,
being, so to speak, left behind by the head and then
making up by a rapid jerk. Another proof that these com.
pensatory movements, as they may be called, of the eyeballs
are not, or at least not wholly, caused by the effort
of looking at things, is afforded by observing what happens
when the head is rotated about a fore and aft axis, about an
axis coinciding with a glance-line. If we keep our eyes fixed
on a particular point and rotate the head about the line alotg
which we look 4 we still see things fixed, the world does not
seem to revolve about our fore and aft axis. Here, also, we
can show by means of secondary images that we see a series
of fixed pictures. If, with a bright object in the field of
vision, we fix our eyes and keep them fixed on a point about
15&deg; distant from the bright object (if we keep both eyes open,
about as far from our eyes as the bright object is, so as to
avoid double vision), and then rotate the head about a fore
and aft axis through, say, 30&deg; by inclining the bead towards
one shoulder, and shut the eyes after this performance, we
see a number of sharp secondary images of the bright object
arranged upon an arc of a circle the radios of which is the
angular distance of the bright object from the point fixed.
If I have rotated my head through about 30&deg; I see about
five secondary images, so that what I call the angle of

rotatory nystagmus is, in my case, about 6&deg;. Here we have
been looking all the time at the same point, and it is not
easy to suppose that the very slight attention we pay to
objects seen indirectly, or, as we sometimes say, "with the
tail of the eye," could lead to a habit, so fixed that we cannot
escape it, of moving the eyeballs in the way described.

I have said that the movement of the head, unless it is
very rapid, does not affect the fixedness of the glance-linep.
Translatory motion of our body may be so rapid, as in a

railway train, that the eyes cannot twitch so fast as to keep
the glance-lines fixed relatively to near fixed objects. The

eyes do their best ; they twitch, but not enough, unless the
train is moving slowly, and near objects seem to fly back.
wards. We succeed with fixed objects at a greater distance
from us ; we can see them fixed, and all objects between us
and such visibly fixed objects are seen to move backwards,
and fixed things beyond them seem to move forwards with us.
Of course, if by keeping our attention on our carriage and
its contents our glance-lines become fixed in reference to
these really moving things they seem fixed, and the whole
world outside of the carriage is seen to move in the direction
opposite to that of our real motion. It is also obvious that
rotation of the head, if it is more rapid than the quickest
possible rotation of the eyeball in the head, must affect the
position of a glance-line, for, in order that the glance-line
may remain fixed, the eyeball must rotate in reference to the
head as fast in one sense as the head rotates in reference to
external things in the other sense ; but in the case supposed
the eyeball cannot do so. We can try this experiment with-
out having recourse to mechanical means of rotating our
body and head, which of course we can do as fast as

we please, and a great deal faster than is either
pleasant or safe. The most rapid rotation of our head
which we are able to produce by the direct action of our
muscles is what is known as "wagging "-that is, a rotation
about a vertical axis upon the joint between the first two
vertebrse. In this way it is possible to give the head an

4 If we take a sufficiently distant object as the thing to be looked at.
we may neglect the want of coincidence of the two glance-lines

r belonging to the two eyes, and, moreover, all that is here described is
seen as well, though not so conveniently, with one eye shut.
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angular velocity considerably greater than the maximum
angular velocity of the eyeball. When we do this as fast as
we can we see that external things do not appear steady.
When we wag our head to the right we see the world wag to
the left, and vice versa. Bat the external really fixed things
do not appear to us to describe nearly so large an angle as
the head really does; the eyes make an effort to compensate
the rotation of the head-an effort only partially successful,
the angle through which external things seem to move being
the difference between the actual angular rate of movement
of the head and the maximum possible angular rate of move-
ment of the eyeball in its socket. This difference can best
be observed-and, indeed, can be approximately measured-
by observing a distant light on a dark night while we wag
the head. The point of light seems drawn out into a hori-
zontal line of light, the apparent length of which is the

angular difference in question. As we can wag our head
much faster than we can nod it, the apparent length of the
vertical line of light into which a bright point is drawn out
when we look at it and nod as rapidly as we can is much
less than that of the horizontal line of light just spoken
of; but I find that I can, by nodding, rotate my head about
a right and left axis a little faster than I can rotate my
eyes about the same axis, so that the luminous point does
appear to be drawn out into a short vertical line. Such
violent movements of the head occur sometimes in our

ordinary (not experimental) use of our eyes, but they are
rare and isolated, so that the disturbance of the fixedness of
the glance-lines which they cause does not really affect our
sense of the fixedness of the world. The illusion of the
moving pier and fixed steamer (which we have all also
observed when there is a train alongside that in which
we happen to be, and we see the moving train fixed
and the fixed train moving) is corrected by looking at
the shore or the railway station. For a moment these also
seem to move, but our glance-lines almost instantly become
fixed in reference to those things which we know are fixed,
and it is then difficult to recall the illusion. Another similar
case is that of the moon and the clouds. We sometimes see
the moon moving and the clouds fixed, sometimes the
clouds moving and the moon fixed, as our glance-lines are
fixed relatively to the clouds or to the moon, and a little
practice enables us to change from the one sensation to the
other at will.
What has been said seems to show that our immediate

sense that the earth and what we call fixed objects on it
are fixed is a consequence of the way in which we move our
eyes, and, in particular, of the way in which, by a suitable
movement of the eyeballs, we involuntarily and unconsciously
compensate movements of the head, voluntary or involuntary,
conscious or unconscious.5 That such an immediate sense
of the fixedness of external fixed things is of great use to us
in moving about among them is plainly shown when we
observe the trouble which a drunken man, who has lost this
sense, has in guiding himself.

I now turn to the question, What is the cause of this
prompt and wonderfully accurate compensatory movement of
the eyeballs ? There are three sources from which we can
obtain information leading to an answer-viz., (1) from
experiments on ourselves, (2) from anatomical observations
and measurements, and (3) from observations of the effects
of injuries to the labyrinth of the internal ear. I shall con-
sider these in their order.
By experiments on ourselves I mean the study of the effect

on the motion of the eyes and on our sense of the fixedness
of external things, of movements of our head (in this case
always along with the rest of our body), which we do not
make, as a rule, for any other purpose. I have already
stated that if we shut our eyes, place our fingers on the
eyelids, and turn round about a vertical axis, we feel with
our fingers the jerking motion of the eyeballs. If, instead
of turning round once, we turn round several times-still
better, if we seat ourselves on a turning-table and get
someone else to turn it and us round at a uniform rate,-
we find that the jerks become less and less frequent, and after
two or three turns cease altogether. Another thing which
we observe is that, although the turn-table is being turned
round at a perfectly uniform rate, we feel the rotation
becoming slower and slower, and when the jerks of the eye-
balls have quite ceased we feel ourselves at rest and have no
sensation of rotation. Let us for convenience call the sense

5 I need hardly repeat that by movements of the head I mean move-
ments of the head whether accompanied or not by movements of the
body,

in which the rotation is still going on positive. This uniform
positive rotation has become to us imperceptible (as long as
we keep our head in the same position in respect to the
vertical) and is what we may call a "new zero of rotation."
If the rate of rotation is now increased we feel this increase
as a positive rotation ; if it is diminished we feel the diminu-
tion as a negative rotation-a rotation the other way about.
What we really perceive then is acceleration of rotation,
using the word "acceleration " in its technical sense. If the
turn-table is stopped this is a negative acceleration, and what
we feel is that we are being turned round in the negative
sense, and at the same time we feel our eyeballs jerk. The
sense of rotation and the jerking die away in this as in the
former case. If, while we are being turned round with
uniform angular velocity, but after all sense of rotation and
all jerking of the eyeballs have ceased, we open our eyes, we
still feel ourselves quite at rest, but we see all external
objects turning round us ; as has been well said by Professor
Mach, the external world seems to turn round inside an

outer, unseen, fixed world. It is in reference to this

imaginary fixed world that our glance-lines are now fixed.
If the rate of rotation is changed while the eyes are open
the sensation of rotation is exactly the same as if
they were shut; we feel the acceleration-positive or

negative-as a rotation in the one or in the other
sense, and the jerks of the eyeballs take place as if
the real external world were not there and we were looking
beyond it at the unseen fixed world outside of it-that

imaginary world in reference to which our glance-lines are
now fixed. If, while the experiment I have described is

going on, we move so as to change the direction in our head
of the axis of rotation-for instance, if after uniform rota-
tion about a vertical axis has gone on, with the head in its
usual upright position, until the sense of rotation has ceased,
we bow our head forwards so that the axis of rotation is
now parallel to a line from the occiput to the chin-a very
striking and somewhat alarming, but most instructive, sensa-
tion is experienced. What we feel is that we are being
turned round with a rotation which is the resultant of two
rotations of equal angular velocity-one the real rotation
about what is now the vertical, the other the imaginary
(but equally perceived) rotation in the opposite sense, about
the line in the head which was vertical. If the angular
movement of the head is small, so that the angle between
what is the vertical and what was the vertical is small, then
the two component rotations nearly neutralise one another
and the strange and alarming resultant is slight; but if the
head is bent so that the old and new verticals are at right
angles to one another the real and imaginary components
are both felt in full, and the effect is very startling. If
the rate of rotation is changed simultaneously with the
change of position of the head we have a resultant of
two rotations of different angular velocity. The most easily
observed case of this kind is when the rotation is stopped
altogether at the moment of change of position of the head.
Here the real component is zero and we have only the
imaginary one. This is the case of the well-known practical
joke. A man is asked to plant the poker before him on the
floor, place his forehead on the end of it, walk round it three
times, and then rise and walk to the door. The preliminary
part of this experiment presents no dimculty ; the victim
plants the poker, puts his forehead on it, and walks round it
with the greatest ease and with no sense of anything
unusual; but when he rises the line in his head which was
vertical is now horizontal, and he feels himself turned round
about that horizontal line. The external world he also sees
turning round this line, objects on the one side rising up
and objects on the other side sinking down. In this visibly
swaying world he has to guide his sensibly rotating body,
and if his friends do not catch hold of him he is pretty sure
to fall. All these experiments are most conveniently made
on a smoothly working turn-table of such a size that one can
comfortably lie down upon it. By the kindness of Messrs.
Dove, lighthouse engineers, I had the use of a large turn-
table made for the revolving lantern of a lighthouse. It
could be turned round smoothly and uniformly at the
moderate speed that is most suitable for experiments of the
kind in question. A few experiments with such an

apparatus will convince anyone that we have here to do
with a perfectly definite sense and not with any vague
sensations caused by the inertia of the soft parts of the body.
This is one of the ways in which the phenomena have been
explained by those who hesitate to believe that there can be
a definite special sense only discovered within the last few

x 2
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years. That the origin of the sensation is not in the soft
parts of the body generally, but in the head, is made per-
fectly plain by the fact that the position of the head and the
changes of that position alone determine the sensations.
We must therefore look in the head for the organ of this
sense.

In close proximity to the cochlea, which is universally
regarded as the organ of hearing, there is an organ of very
striking and, I might say, mysterious form. It is found in
all vertebrates, and occurs in them fully developed except in
the lowest forms of fish. It is contained in a bony-in car-
tilaginous fishes in a cartilaginous-cavity which com-

municates in birds and mammals with the cochlea or lagena.
This cavity may be divided into the vestibule and the three
semicircular canals. The canals open at both ends into the
vestibule, and each has at one end an enlargement called the
ampulla. Within this bony case is contained a membranous
structure consisting of the utricle, situated in the vestibule,
and three membranous canals, each in one of the bony canals,
each with an ampulla in the bony ampulla, and each opening
at both ends into the utricle. The vestibule contains, be-
sides the utricle, the saccule, a membranous bag continuous
with the cochlear duct, and has in the side next the

tympanic cavity a hole in the bony wall filled in by a
membrane and known as the fenestra ovalis. The saccule
and the utricle have each a spot on the lower wall supplied
with nerves which end in air cells known as the macula
acustica. The macu!s3 acusticae are probably, as suggested
by Professor Mach and Dr. Breuer, organs fitted to per-
ceive acceleration of translatory motion, and are not
connected directly with the function of the semicircular
canals. The fenestra ovalis belongs to the organ of hearing,
which may thus be said to have a right of way through the
vestibule. We need not therefore here consider these organs
any further, but confine ourselves to the semicircular canals
and the utricle in its relation to them. As already stated, each
bony canal contains a membranous canal. The membranous
canal is, except at the ampulla, much smaller in bore than
the bony canal, so that the space outside the membranous
canal filled with perilymph is much greater than the space
side filled with endolymph. The membranous ampullauch more nearly fills the bony ampulla, so that here the peri-’3,mph space is comparatively small. The membranous canal
is pretty firmly attached (in some animals, at all eventa) to
the periosteum of the bony canal. (See diagram.) Ea,ch

canal is, in all animals I have examined, approximately in a
plane, and it is important to consider the relations of these
planes to one another and to the mesial plane of the head.
As I have brought part of the apparatus with me, I may
shortly describe the method I used to measure the angles
which these planes make with one another, and also an

improved method of which I have not yet had time to make
any very full trial.7 It consists in attaching the preparation-
either a cast of the canals, or, in the case of a bird, the
dissected and cleaned bony canals-to one arm of a branched
rod, and a lump of wax to the other. The rod is then fixed
to the large apparatus already referred to. The canals are
successively made horizontal, and a small plate of glass is
fixed horizontally in each case-parallel, therefore, to each
canal-to the lump of wax. We can also attach a glass
plate parallel to the mesial plane. We can thus have, on a
comparatively small piece of wax, glass plates parallel to
all the planes the relations of which to one another are

to be measured. The lump of wax is then removed from the
rod, and the angles between the planes of the glass plates
are measured by means of an ordinary reflexion goniometer.
The general results are : 1. The canals do not lie rigorously

6 In all animals the non-ampullary ends of the superior and the
posterior canal have a common opening into the vestibule.

7 The method illustrated by the human skull shown is fully described,
with woodcuts from photographs, in Professor McKendrick’s Text-
book of Physiology, vol. ii., pp. 697-699, and therefore need not be
reprinted here. The other method will, I hope, give more accurate
measurements.

.n planes, but sufficiently nearly so to give closely accordant
results. 2 The external canals are very nearly at right
angles to the mesial plane, and, therefore, from the bilateral
3ymmetry the two external canals are very nearly in one
plane. 3. The superior and posterior canals of the same side
make approximately equal angles with the mesial plane. In
all cases which I have examined the angle between the pos.
terior canal and the mesial plane is somewhat larger than
that between the superior canal and the mesial plane. From
the bilateral symmetry, therefore, the superior canal of the
one side is nearly, but not quite, parallel to the posterior
canal of the other side. In the discussion of the way in
which the system of canals may be supposed to act I shall
for convenience assume that these canals are parallel, as the
deviation from exact parallelism only complicates, but does
not a,t all vitiate, the argument. 4. In man, and in a large
number of other animals, the three canals are very nearly
at right angles to one another; but in a good many of
the animals I have looked at the superior and posterior
canals make with one another an angle considerably
greater than a right angle. Looking at the six canals as
forming one system, we see that we have three axes and that
at right angles to each axis there are two canals, one
internal, the other external-these two canals having
their ampulla; at opposite ends, so that if rotation takes
place about the axis, the ampulla in the one case precedes the
canal and in the other follows it. The vertical axis, as we may
call that at right angles to the two external (or horizontal)
canals, is pretty nearly vertical in most animals in the usual
position of the head when the animal looks to the horizon;
in man it is not exactly so-we must bow our head a little to
make this axis vertical. If we suppose that we are looking
north, the other two axes are N.E. and S.W. and N.W. and
S.E. respectively. In man they pass from the eye of one
side to the mastoid process of the other aide, and are nearly
at right angles to one another. As already stated, in some
animals they are inclined and are nearer the right and left
than the fore and aft line in the head.

In order to see how such a system can work as a hydro-
dynamical instrument let us first consider one canal. Here
we have two watery liquids : the endolymph within the mem-
branous canal, its ampulla and the utricle ; and the perilymph
between these and the bony case. How will these behave
when rotation takes place about an axis normal to the plane
of the canal ? 7 The inertia of the liquids will tend to

produce a flow through the canal in the sense opposite to
that of the rotation. Let the rotation take place so that
the ampulla precedes the canal. Here the endolymph will
tend to flow from the utricle into the ampulla, and thence
through the canal to the utricle again. But, as Professor Mach
has pointed out, the canal has too small a bore to allow of
any sensible flow through it, so that the effect of this rotation
will be to increase the pressure within the membranous

ampulla. But-and this is a point to which, as far as I
know, no one has hitherto called attention-as there will
also be a tendency of the perilymph to circulate, so in its
circle there is also a narrow place-namely, at the ampulla ;
for as the membranous ampulla nearly fills its bony case
there is not much room there for the perilymph to pass from
the vestibule into the space surrounding the membranous
canal. There will, therefore, be a diminution of pressure of
perilymph at the ampullary end of the canal, so that the
anipullary walls will be stretched by the increase of pressure
within and the diminution of pressure without. Of course,
when the rotation is kept up uniformly for some time the
pressure inside and outside of the membranous ampulla is
soon equalised and the stretching or relaxation ceases. With
the cessation of the stretching the sensation must also cease.
If now the rotation is stopped, the perilymph and endolymph
will tend to move on, and pressure will be produced inside
the membranous ampulla of that canal which during the
rotation moved with the ampulla following the canal. All
this will, of course, be reversed when the rotation takes
place with the ampulla following the canal ; the pressure
inside the membranous ampulla will be diminished, that
without will be increased, and the walls will become flaccid.
In each membranous ampulla there is a so-called "crista
acustica " where nerves terminate in hair cells, and it is not
difficult to suppose that stretching of the ampullary walls
will irritate these nerve endings while a relaxation of the
ampullary walls will produce no irritation. If this be so,
then we have three axes, each with an organ sensitive to
rotation about it in either sense and capable of discrimina.
ting between the two; and as every rotation of the head can
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be resolved into oomponent rotations about these three axes
we have the means of perceiving the axis and what we may
call the "intensity " of the rotation, or perhaps more correctly
the "rotational acceleration."
This hydro-kinetic theory of the function of the semi-

circular canals was propounded at very nearly the same time
by Professor Mach of Prague, Dr. Breuer of Vienna, and
myself. I give the names in the order of publication. The
views expressed by us were not exactly the same, and the
statement of the theory I have just given is any one of them
with additions and corrections from the other two. I have
not thought it necessary to refer to the hydrostatic theory
of Goltz, or, indeed, to give any details of the literature of
the subject. A very full and accurate digest of almost

everything that has been written on the functions of the
several parts of the labyrinth of the ear has been pub-
lished in Russian by Dr. Stanislaus von Stein and trans-
lated into German by Dr. C. von Krzywicki. The theory
as I have just described it might perhaps have been
developed, as I have here developed it, from a consideration
of the structure and position of the canals ; but, as a matter
of fact, this was not the historical order. It was the experi-
ments of M. Flourens that first directed attention to these
organs as having something to do with the equilibrium of
the body. In reference to these experiments and those made
since by many able physiologists and skilled operators, I
shall only say that the results seem to me to be consistent
with the hydro-kinetic theory. Certain of M. de Cyon’s experi-
ments, in which he increased the pressure in the canals by
inserting in them small tangle plugs without producing any
nystagmus or rotatory movements of the head, appear to
contradict the theory ; but increase of pressure in the bony
canal can have no tendency to stretch the walls of the mem-
branous ampulla, and therefore could not be expected-if the
theory as I have stated it is correct-to produce a sensation
of rotation ; what is required is that the pressure inside the
membranous ampulla should be greater than that outside of
it, The symptoms observed in cases of disease of that internal
ear also appear to support this hydro-kinetic theory. But the
position of the canals in close anatomical relation to the
organ of hearing had impressed on the minds of physiologists
so obstinate an opinion that they must be connected with the
perception of sound in some way or other that even now
many will not admit that they are the peripheral organs of a
sense of rotation.
A favourite theory was (and there are still some who hold

it) that the semicircular canals give us information as to the
direction in which sound comes to us. There are two ways
in which we can show that this view is erroneous : 1. By
considering the physical conditions. The shortest sound
wave which we can hear is so long compared with the
dimension of the ear that every part of the ear must be at
any instant in the same phase of the wave. We must assume
that, as far as the effect of such sound waves is concerned,
the liquid contents of the internal ear are incompressible. It
is as absurd to speak of sound waves travelling round one of
the canals as to say that it is high water at one end of a
dock and low water at the other at the same time. 2. By
experiments on the way in which we really do perceive the
direction of sound. I shall describe two such experi-
ments : (a) Lst the observer close his eyes-for security
it is best to bandage them,-seat himself in a chair, and
keep his head steady. Now let an assistant produce a
sharp, short sound. In showing this experiment to the
Biological Section of the British Association at its meeting
at Belfast in 1874 I used three coins in the way I show
you now. The observer can tell with really astonishing
accnracy whether the sound comes from the right or

from the left, because he hears it louder in the nearer
ear, but he is without any knowledge at all as to whether
it comes from above or below, from the front or the
back. He forms a judgment, indeed, on this point, but his
judgment is usually wrong, often very ludicrously so. The
experiment is most striking when the click is produced in the
mesial plane of his head, in which case he has not the binaural
cffect to help him. In this connexion I may say that I know
no experiment which illustrates so well the marvellous
delicacy of our sense of relative loudness of sound, a very
saall deviation from the mesial plane being quite certainly
recognised. We have, then, with one ear no means of
ascertaining the direction of sound if we keep the head fixed.
How, then, do we ascertain the direction of sound, for we all
know that we can do so with very considerable accuracy ?
This leads me to the second experiment. (b) Let the observer,

still with eyes closed and bandaged, stand up and be at
liberty to move his head. Let the assistant produce the
clicking sound-not once only, but again and again at short
intervals, always in the same place. The observer turns round
until he faces the source of the sound. He knows that he
is facing it when he hears it equally loud in both ears, and
hears it to the right when he turns a little to the left, and to
the left when he turns a little to the right-that is the
criterion of whether the source is behind or before him.
Having now got the azimuth, he seeks the altitude. Mt Y ng
his head about a right and left axis he seeks the position
in which he hears the sound best. He is now looking towards
the source of the sound.
The concha of the external ear acts as a screen, and it

is remarkable how much difference there is in the quality as
well as in the loudness of most sounds with different
altitudes. Stand in front of a pipe from which water is
rushing and move the head round a right and left axis-
bow, in fact, to the pipe-and a striking difference in the
quality and loudness of the sound will be observed in the
different positions of the head. It may be said that birds
have no concha, and yet they perceive as well as we do the
direction of sound. But there is a method by which, without
any use of the action of the concha and by purely
binaural observations, we can ascertain the direction of
sound. By one observation, as already described, we can
find a plane containing the line along which the sound reaches
us. That plane is at right angles to the line joining our two
ears. By moving the head we can shift the line joining our
two ears, and then by another similar observation obtain the
plane at right angles to the new position of the line joining
the two ears and containing the direction of sound. The
direction of sound is the intersection of these two planes. I
do not think we use this method (although I have tried it and
found it work), but we often see birds when listening incline
their heads in such a way as to suggest that they use it.
There is another objection which is often brought against

the theory I have been explaining. It is said, "Is it
conceivable that there should be a special sense, common
to man and all vertebrate animals, which has remained
unknown till about twenty-two years ago ? 7 This is a sense
invented, not discovered, by scientific men, otherwise we
should all have known about its existence at least." This
objection is not one to be met by contempt, it has a real basis ;
and as I believe this sense to be a real one I feel bound to
look for the cause of the incredulity. A special sense is
popularly understood to be a gateway of knowledge. Infor-
mation as to external things comes to us in various ways,
and each of these ways has from ancient time been recognised
and named as a special sense; but this is not exactly the
physiological way of looking at things. I may illustrate the
difference by a sort of analogy. In a large business estab-
lishment the manager sits in his room upstairs. He has
various ways of getting information. The post brings him
letters ; he looks at them-some he carefully considers and
answers, others he looks at and puts into the waste-paper
basket, but he has looked at them all. So we see things.
Many of the things we consider, take note of ; others we pay
no attention to, do not an hour later remember anything
about them. But there are many messages which come to the
business establishment and never reach the manager’s room
at all ; they are attended to by clerks in the office. They
are not futile, they are real messages and serve their purpose,
a purpose essential to the carrying on of the business. If
these were not attended to downstairs the manager would
very soon hear of it. So with us. There are what we may
call sensory impressions which do not make their way to the
conscious ego, but are all the same properly attended to
by what in us corresponds to the clerks. If our clerks
neglect their work the conscious ego very soon becomes
aware that there is something wrong. In the case

of the sense of rotation ordinarily we pay no attention
to its messages ; the clerks at the sensory centres of the
ampullary nerves and at the motor centres of the muscles of
the eyeballs do all that is necessary. We perceive the result
of their work in our visual sense of the fixedness of the out-
side world, and we do not trouble ourseives as to how the
office work has been done ; but-and here I come to a matter
I referred to early in this lectere-the office work is some-
times not well done, and the visual sense of the fixedness of
the outside world is lost. If this is due to disease, we send
for a medical man and ask him to find out what is wrong in
the office and, if he can, put it right. But there is a far
more common cause of the loss of the visual sense of the
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fixedness of the outside world-one which it has not been left
for two or three scientific men to discover in the last quarter
of the nineteenth century. The most characteristic effect of
alcohol is to make all reflex actions sluggish. Under the
influence of a moderate dose of alcohol, what I have called
the" office work " goes on all right, but not quite so fast as
with no alcohol. The message arrives and the answer is
sent, but not quite so promptly. The conscious ego may not
note anything wrong, but a quantity of alcohol (far short of
a dangerously poisonous dose) may delay the transmission
of the signal to the muscles of the eyeball so much as to
affect quite perceptibly the compensation of the movements
of the head. A perfectly sober man sees the world wag a
little when he wags his head very vigorously-a point of
light is perceptibly drawn out into a horizontal line of light ;
the office work fails a little under such extreme pressure.
But a little alcohol makes the office work fail more

readily, and as the dose is increased it fails altogether and
the sense of the fixedness of the world is wholly lost. Even
in such an extreme case of intoxication, short of paralysis,
the drunken man may see the world steady if only he can
keep himself steady. I daresay we have all seen very
drunken men walking quite straight, but with a preternatural
fixedness of the head. If anything makes them move their
head they totter and reel. They move the head a little ;
that happens to them in consequence of a small and slow
rotation of the head which happens to us when we wag our
head violently, and they reel and stagger just as we should
reel and stagger if we tried to walk, violently wagging our
heads all the time.

Just as there are blind men and deaf men, so there are men
who have lost, or never had, the sense of rotation. Such
persons are almost always deaf-mutes. The close anatomical
relation of the organ of hearing and the organ of the sense
of rotation has this effect, that imperfect development or
pathological injury of the one is usually associated with
similar defect in the other ; and experiments on deaf-mutes
have shown that a large proportion of them are defective in
the sense of rotation. This is shown by the absence of the
normal jerking of the eyeballs when they are rotated and by
a perceptible insecurity in their gait. They do not reel as
drunken men do, just as blind men find their way about
much better than we could do if our eyes were bandaged ;
they have learned to get on fairly well with the help of expe-
rience and their other senses.

I am not sure whether, in this account of the sense of
rotation, of its organ, and of the use of it, I have carried all I
my hearers with me and convinced you of the real existence
and real practical use of this sense. I hope, however, I have
made it clear that the subject is worthy of attention and
that we have here matter for the careful consideration of
physicists, physiologists, and psychologists.

ADENOID GROWTHS IN CHILDREN.
BY EUSTACE SMITH, M.D., F.R.C.P. LOND.,

PHYSICIAN TO THE EAST LONDON HOSPITAL FOR CHILDREN, AND TO
THE CITY OF LONDON HOSPITAL FOR DISEASES OF THE CHEST.

THE subject of adenoid growths in children is one which
at the present time is exciting a great deal of attention. The

subject has been often discussed, but always from the point
of view of the throat specialist. It may, therefore, be not
without interest to regard it from the standpoint of the

general physician, and to consider the large number of
derangements which may be set up by the presence in the
naso-pharynx of these vegetations. The frequency with
which adenoid growths are met with in children three and
four years old and upwards is a matter of everyday observa-
tion, but it seems not to be so well known that they are
equally common in infancy, and, indeed, that even at birth the
mucous membrane in the post-nasal region may be thickened
and granular from hypertrophy of adenoid tissue. At this
early age the patient is rarely seen by a throat expert, and
unless the child’s pharynx be explored with the finger the
growths will often be overlooked by the general physician,
for it is perhaps exceptional for them to give rise to the
ordinary symptoms of nasal obstruction. Often, even when
present in quantity, there is no snoring, and the child may
sleep with his lips closed, for, as Dr. Greville MacDonald has
pointed out, during sleep the instinct of nasal breathing

almost always asserts itself, and even if the mouth be open at
this time the tongue is drawn backwards against the palate
so as to shut off this channel to the passage of air. In
an infant the growths should always be suspected if the child’s
nose be broad at the bridge and faintly dimpled on each
side at the upper border of the inferior lateral cartilages, and
especially if when the chest is uncovered any retraction be
noticed in the inferior region of the thorax. In childhood
symmetrical retraction of the infra-mammary regions and
depression of the ensiform appendix owe their origin with
few exceptions to naso-pharyngeal obstruction. In marked
cases, where little air enters by the nose, the nares are small
and the alas flattened, probably from disuse of the organ as
an air passage. In such children other symptoms may be
met with : the hard palate is exceptionally high, the tonsils
are overgrown, and examination of the auditory meatus
shows a deep depression of the tympanic membrane ; but the
symptoms first enumerated-viz., the altered shape of the
nose and the retraction of the inferior regions of the thorax-
are by themselves amply sufficient for diagnosis ; and if any
uncertainty be felt a touch with the finger will put an end to
it at once. In infants who suffer from this form of nasal
obstruction one of the commonest consequences is snuffiing
in the nose with much mucous secretion. Non-syphilitic
infants who snuffle are almost always the subjects of adenoid
granulations. They seem never to be free from coryza, and
often sneeze violently and discharge quantities of thick
mucus from the nose. With this they may be hoarse, and
from the persistence of these symptoms are often suspected
wrongly of inheriting a venereal taint. I have fallen into
this error myself, but am now convinced that persistent
snuffling in infants is no sign of syphilis in the absence of
other symptoms, and even that the addition of a large spleen
is not sufficient warrant for such a conclusion. It will be
noticed that the appearance of the nostrils is different from
that seen in a syphilitic infant. No doubt the bridge of the
nose is broad, but the nares are not cracked or dry or caked
with crusts ; the edges are moist, and without the little linear
ulcers which are so common in the inherited disease. The
obstruction, too, at this age is not nearly complete, and,
unlike the tainted infant, the child takes the breast with
comparative ease.
A symptom sometimes present in new-born infants is a loud

crowing or croaking sound which accompanies the breathing.
Various names have been given to this phenomenon. It has
been called "infantile respiratory spasm, "congenital
stridor, " &c. ; but as it is not proved that spasm has any
part in the mechanism of the sound a name which suggests
such agency should be avoided. This congenital crowing is

usually limited to inspiration, and is sometimes very loud,
especially during sleep. It varies considerably in intensity
at different times, and may sometimes cease temporarily, to
return after a short interval. In one case which came under
my notice the mother complained that often while sitting in
the dining-room she could hear the noisy breathing of the
child in the nursery on an upper floor of the house. This

symptom, according to my later experience, is seldom un-

accompanied by post-nasal obstruction. Formerly such
cases used to puzzle me greatly, for, knowing nothing of
adenoid growths, I did not examine for them; but since
reading Dr. W. Robertson’s paper I have always done so,
and have never failed to detect either actual vegetations or a
thickened, granular state of the post-nasal mucous membrane.
It is indispensable that an exploration should be made with the
finger. Laryngoscopical examination is always a difficult
process in young infants, and mere inspection of the larynx
and its immediate neighbourhood gives little information
even if successfully carried out. On the other hand, it is an
easy matter to pass the finger upwards behind the soft
palate, and if this be done granulations, when present,
can hardly escape detection. It is only in exceptional
cases, when collapse occurs in the lungs, that the stridor
is associated with real dyspnoea. As a rule, in spite
of the apparent labour of breathing, the child seems in
no way depressed. His face is placid and shows no lividity
of the lips and eyelids such as would result from imperfect
aeration of the blood ; nor is there hoarseness of the cry or
cough, as in cases of papillomata of the larynx. The con-
dition, however, is slow to pass away; indeed, as time goes
on the croak, instead of diminishing, often grows more and
more pronounced. Dr. W. Robertson attributes the stridor
to bilateral paralysis of the posterior crico-arytsenoid muscles
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